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Summary 
Oil mallees are being planted on wheatbelt farms with the expectation that they will 
reduce land salination by lowering watertables as well as providing income from 
combinations of eucalyptus oil distillation, power generation, activated carbon 
production and carbon sequestration in the future. 
This study details the drill completion and hydrological interpretation of a site at 
Gibson (near Esperance) that has been instrumented in order to study the effect of 
an extensive planting of oil mallees on groundwater conditions and land salinity.  In 
2001, the farm comprising approximately 2,000 hectares was planted to oil mallees 
(470,000 trees) in an alley layout covering approximately 170 ha.  In this study, two 
smaller adjacent sub-catchments of the farm (totalling about 500 ha) were selected 
for intensive hydrogeological investigation and instrumentation for ongoing 
groundwater monitoring.  This report details the results of a deep drilling program, 
soil and water analyses, ground-based geophysical mapping comprising EM38, 
EM31 and radiometrics, associated analysis and groundwater modelling. 
Preliminary results from the site indicate: 
• While other areas of the farm appear to be at, or close to, long-term 
groundwater equilibrium, within the studied sub-catchment groundwater level 
rise and salinity development is likely to continue without an altered water use 
regime. 
• As both the groundwater gradients and saturated hydraulic conductivities at the 
site are low, almost total elimination of recharge and/or substantial groundwater 
use is required in the sub-catchment to change this long-term prognosis 
significantly. 
• The current oil mallee configuration would need to use between 100 and 200 
millimetres per annum of groundwater from beneath the planted areas to 
significantly lower watertables from current levels.  While this may be possible 
under the prevailing conditions, it is recommended that additional perennials be 
incorporated in the revegetation system in mid-slope areas to reduce recharge 
over a greater proportion of the catchment. 
• The mostly fresh or brackish and shallow groundwaters are likely to be 
conducive to good tree growth rates and offer scope for reasonable rates of 
groundwater use.  However, the large amplitude of watertable seasonal 
response, which could have detrimental impact on perennial root systems, is a 
concern. 
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1. Introduction 
Oil mallees are being planted on wheatbelt farms with the expectation that they will 
reduce land salination by lowering watertables as well as providing future income 
from combinations of eucalyptus oil distillation, power generation, activated carbon 
production and carbon sequestration. 
The Department of Agriculture commenced a groundwater study in May 2003 on 
Kalabity Moorna, the property of Ray and Shirley Sullivan, Gibson, near Esperance 
on a hill-slope that contains a series of oil mallee alleys.  This is part of a larger 
RIRDC-funded project Hydrological impacts and productivity interactions of 
integrated oil-mallee farming systems and is one of four sites in the WA agricultural 
area (at Esperance, Goodlands, Marchagee and Tincurrin) to be studied intensively. 
The groundwater study consisted of a drilling program, establishment of a piezometer 
network, ground-based geophysics surveying, silcrete hardpan investigation and 
preliminary groundwater modelling using Flowtube.  This report documents the 
background information for the site; the baseline results from hydrogeological 
investigations and presents the outcomes from the preliminary modelling of 
groundwater levels as they may be affected in the future by the oil mallees. 
1.1 The study site 
The study site is located on Esperance locations E1409 and E1410 on the south of 
Brownings Road adjacent to the Gibson townsite (see Figure 1), about 30 km north of 
Esperance.  The farm was progressively cleared from the early to late 1960s.  The 
Sullivans have run a cropping and sheep grazing enterprise on the property since 
1985.  Salinity had developed in the valleys of the farm before Ray and Shirley 
Sullivan first moved there.  They report that the area affected has been relatively 
stable, except for some small expansion uphill from the main creekline in some 
areas, and upslope from a yate swamp within the main study area. 
In 2001, the Sullivans in conjunction with the Oil Mallee Company and Metasource 
planted over 470,000 oil mallee seedlings (mainly Eucalyptus polybractea, with some 
E. loxophleba ssp. lissophloia), on nearly 170 hectares on Kalabity Moorna.  The 
predominant planting layout is contour belts, mainly two but up to eight rows wide, 
approximately every 100 metres across the entire landscape (Figure 1).  They report 
that the trees established and grew exceptionally well in their first year, however 
there have been some minor tree deaths in certain areas, which they interpret as a 
response to the well below-average rainfall in winter 2002.  Within the main sub-
catchment of approximately 175 ha, planting has been undertaken on approximately 
12% of the area, with remnant vegetation occupying approximately a further 4%. 
Additionally, in August 2003 the Sullivans sowed approximately 20 ha of lucerne in 
the lower slope alleys of the main study area. 
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Figure 1:  Farm layout, planting layout and bore locations at the study site 
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1.2 Catchment setting 
The farm is in the north-eastern headwaters of the Dalyup River catchment, which 
drains to Lake Gore, on the coast about 30 km west of Esperance.  The area is within 
the Esperance Sandplain (Morgan and Peers 1973) and is characterised by gently 
undulating topography incised by poorly developed drainage systems. 
1.3 Hydrogeological setting 
The hydrogeology of the Esperance area has been described and mapped at 
regional scale by Johnson and Baddock (1998).  Their mapping shows that the farm 
overlays a boundary between the Mesoproterozoic (1,000–1,400 million years old) 
granitoid gneiss to the north and the Tertiary (Eocene, 37-58 million years old) 
Pallinup and Werillup sedimentary sequences from the Plantagenet Group of the 
Bremer Basin, which overlay the Mesoproterozoic assemblages to the south. 
Groundwater occurrences within the Mesoproterozoic granite/gneiss profiles are 
described as being restricted to basement joints and fractures together with minor 
fresh to saline aquifers at basement in the coarser weathered grit material.  
Groundwaters tend to be fresher near catchment divides.  Johnson and Baddock 
(1998) did not map any large-scale basement unconformities (faults, fractures or 
dykes) in the vicinity of the study area. 
The Pallinup Siltstones are generally low permeability fine-grained clays, but can 
contain coarser sandy and spongolite aquifers, termed the Shoreline and Spongolite 
facies respectively.  These sequences can contain significant quantities of fresh to 
saline groundwaters and can be up to 34 m thick in the Esperance area.  
Groundwaters generally tend to be fresher where these sediments occur near 
catchment divides. 
Where present, the Werillup Formation underlies the Pallinup Siltstones at depths of 
up to 50 m and can contain fine to coarse-grained sand, carbonaceous clay, and 
lignite.  The formation can contain large volumes of groundwater which is commonly 
saline (14,000 mg/L). 
Immediately south-east of location E1409, within the Gibson townsite, there is a very 
fresh highly localised, surficial aquifer, which is currently tapped as a supply of 
bottled water. 
Kalabity Moorna farm is located within Hydrogeological Zone 4, as mapped by Short 
et al. (1994).  This zone is characterised by shallow bedrock of the Albany-Fraser 
Orogen, with a thin veneer of Tertiary sediments and deep Tertiary profiles along 
drainage lines.  Weathered granitic basement profiles represent windows in the 
sediments.  In 1995 watertables in bores measured in the zone by Short et al. (2001) 
had a mean depth of 1.1 m and a median conductivity of 2,475 mS/m.  Median salt 
storage was 133 t/ha in the top 6 m. 
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1.4 Climate 
The climate is temperate with dominant winter rainfall and hot dry summers.  Long-
term average annual rainfall is approximately 500 mm with about 75% falling from 
April to October.  Average monthly minimum and maximum temperatures at Gibson 
are 13 and 28oC in summer and 7 and 16oC respectively in winter.  Average annual 
evaporation is approximately 1,720 mm, which is 1,220 mm in excess of rainfall.  
Average monthly evaporative demand is always greater than average monthly 
rainfall, however in June and July they are similar.  Average monthly patterns of 
rainfall, evaporation and temperature are shown in Figure 2 (Department of Natural 
Resources and Mines 2000) with an average annual rainfall of 500 mm, 117 mm of 
which falls, on average, over summer. 
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Figure 2:  Mean annual cycle of evaporation, temperature and rainfall at the Gibson 
oil mallee study site 
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2. Hydrogeological investigation 
The hydrogeological investigation consisted of a review of previous drilling in the 
area, aerial photo interpretation, a drilling program and ground-based geophysics 
surveys.  The aim of the drilling program was to: 
• provide a detailed transect through the main oil mallee planting to define 
watertable gradients, salinities, soil profiles, hydraulic properties and bedrock 
depths to enable Flowtube modelling 
• provide a representative network of bores to enable monitoring of the impact of 
the oil mallees on watertables over the coming years 
• provide a secondary transect (Transect 2) which links the primary transect 
(Transect 1) to a salt-affected area in the adjacent sub-catchment and, if relevant, 
to the existing bores on the neighbouring Esperance Downs Research Station 
(EDRS) 
• enable a groundwater flow ‘net’ to be developed for any larger groundwater 
system that may be present and characterise what impacts (if any) this is having 
on the study area 
• check for the existence and define the influence of a possible bedrock lineament 
(fault or dyke) identified from aerial photo interpretation, on groundwater 
movement and salinity development at the study site. 
The aim of the geophysics survey was to: 
• use an EM38 to define the current extent of salinity affected land so that any 
future changes could be quantified 
• use an EM31 to define areas that have salinity at depth and therefore may be at 
future risk 
• quantify salt storage in the root zone 
• use radiometrics to accurately define soil type boundaries. 
2.1 Previous investigations 
Five bores were drilled and described on location E1409 by Berliat (1952) as part of a 
larger regional program aimed at locating potable groundwater resources.  The holes 
were mostly in or around the main creekline that flows into location E1409 from the 
east.  Granitic basement was encountered at depths ranging from 32 to 59 ft (10-
20 m).  Small supplies (<2,000 gallons or 8000 litres per day) were developed from 
the gritty weathering products immediately above the basement.  The groundwaters 
were mainly saline (approximately 300-800 grains per gallon or 1,000–2,000 mS/m).  
At one mid-slope location (away from the main creekline) the water was of better 
quality (100 grains), however supply was less than 150 gallons per day.  Berliat 
records the standing watertable as being at 12 ft (4 m) with salinity 780 grains at bore 
PWD 36, which is located on sloping land just out of the main creek.  This implies 
that the watertable in the main creek systems could have been quite close to the 
surface prior to clearing, and may mean that current salinity observed in the creek 
floor at this location could be aggravated primary salinity, rather than secondary 
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salinity.  The absence of large dead or living remnant vegetation in the creekline, the 
predominance of small halophytic species and Berliat’s (1952) description of bare 
mudflats in the creek are also evidence that the creek system could have been 
affected by primary salinity prior to clearing. 
There is little doubt that secondary salinity caused by land clearing is responsible for 
salinity developing out of the main creek systems in the area.  On adjacent EDRS, 
Jones (2001) reports that salinity had expanded from 53 ha in 1956 to 191 ha or 39% 
of the total cleared land.  Extensive drilling and monitoring on EDRS by Short et al. 
(2001) showed extensive areas of shallow groundwaters (<2 m) in a shallow (<15 m) 
weathered granite/gneiss profile.  Upward trends in depth to watertable of 0.3 m/yr 
were observed in bores that have watertables deeper than 2 m.  This indicates that 
some areas on EDRS are yet to reach groundwater equilibrium and the area affected 
by salinity could continue to expand. 
2.2 Drilling methods 
A commercial contractor (Great Southern Drilling) was engaged to drill the 17 chosen 
sites (Figure 1), and piezometers were installed by the Department of Agriculture.  
Sites were drilled using rotary air blast with a 100 and 125 mm diameter bit.  All 
piezometers were constructed with 50 mm-diameter class 9 PVC casing.  Screen 
sections were backfilled with 8-16 graded sand, the annulus was sealed with 
bentonite and drill cuttings, and each pipe was fitted with a concrete collar at the 
surface.  Where piezometer nests (multiple bores or piezometers at a site) were 
drilled, the shallowest bore was also constructed as a piezometer and sealed with 
bentonite to prevent tree roots from invading the annulus and blocking the screen 
section.  Because of their shallow depth these bores should still provide an effective 
measure of watertable behaviour. 
Two sites were placed on the neighbouring property to extend the transects by 
several hundred metres to the south.  Over 300 m of drilling was completed between 
18 and 22 March 2002. 
2.3 Drill sample analysis methods 
One bulk soil sample was taken per metre from each bore and subsequently dried, 
sieved and sub-sampled for later analysis for EC1:5, pH and Cl % by the Chemistry 
Centre of WA.  EM39 and natural Gamma down-hole logs were obtained using a 
Geonics EM39/Gamma instrument. 
2.4 Groundwater monitoring and sample analysis methods 
The piezometers were developed using air purging.  Groundwater levels were 
measured and samples taken for EC analysis one month after drilling.  Manual 
monthly monitoring of groundwater levels is to be undertaken over at least the next 
five years.  STS® automatic water level recorders (Automated Control Engineering 
Group) were installed at nine key sites.  Monitoring results are stored on the 
Department of Agriculture’s AgBores database. 
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2.5 Hydraulic conductivity measurements 
Saturated hydraulic conductivity (Ksat) measurements were undertaken on all the 
bores that had wetted screen sections using the slug subtraction method (Bouwer 
and Rice 1976).  These were undertaken after the bores had been thoroughly 
developed using air purging.  Water level responses were measured using an STS 
pressure transducer/data logger installed at the bottom of the well prior to slug 
subtraction and set to record every second. 
2.6 Surveying 
Locations (easting and northing) and elevations of piezometers were surveyed by a 
local contractor (Wesclay Pty Ltd) using the differential global positioning Beeline 
system which was found to be repeatably accurate to less than ±20 mm vertically 
(relatively, within the survey). 
2.7 Geophysics 
The Fugro geophysics company surveyed the study area totalling about 700 hectares 
of the 2,100 ha on Kalabity Moorna.  Geonics EM38 and EM31 instruments were 
towed in sleds by a quad-bike fitted with a DGPS and a GR320 spectrometer (8 litre 
crystal pack).  Survey lines were mainly oriented north-south at 50 m spacings, with 
readings recorded approximately every 4 m. 
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3. Results and discussion 
3.1 Profile descriptions 
Bore site names and locations are shown on Figure 1, with the detailed descriptive 
drill logs for each site in Appendix 1.  Appendix 2 contains the EC1:5, EM39 and 
Gamma profile logs for each site.  Appendix 3 contains the laboratory analysis results 
of all drilling samples collected.  Table 1 summarises the main features of each hole, 
together with the initial water levels and salinities. 
Granitoid gneiss basement rock was encountered at depths ranging from 4.1 to 28 m, 
at all sites that were drilled to basement.  Depth to basement rock was shallowest 
along the main creek system and deepest to the south of the property where 
weathering and sediment depths increased.  Thin veneers of Pallinup and possibly 
Werillup sediments, to a maximum depth of 14 m, were located at 10 of the sites 
either in mid-slope or lower slope locations.  Coarse, water-filled aquifers were 
encountered within the sedimentary profiles however, it was inferred (from their 
thickness and flow rates during drilling) that they are relatively small disjointed 
systems, having small lateral extent.  Site RS15 was a possible exception and may 
have intersected the edge of the large sedimentary aquifer likely to extend from the 
Gibson townsite. 
Full depth weathered granitoid gneiss regolith profiles were encountered only on 
ridge tops and in the main creekline, indicating that the sediments encountered in the 
other drill holes were remnants from a highly eroded landscape (in geologic time).  
No evidence of mafic dykes or structural faulted material was found in any of the 
basement material sampled.  Sites RS02, RS03, RS05, RS06 and RS07 were 
located in the proximity of the only interpreted bedrock lineament in the study area; 
however no evidence of this was seen in any of their drilling samples.  However, site 
RS06 was abandoned before reaching bedrock due to collapse of banded 
unconsolidated sediments located between 7 and 11 m. 
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Table 1.  Main hydrologic features of the groundwater monitoring sites in June 2001 
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RS01D Valley floor 7.6 7.69 -5.29 -7.29 Granitoid saprock 0.605 -0.87 1712 414 384502 6278554 126.555 
RS02D Mid-slope 20.0 19.72 -17.32 -19.32 Granitoid saprock  0.818 -0.58 1463 491 385669 6277658 138.206 
RS02I Mid-slope 6.1 6.5 -4.1 -6.1 Sedimentary gravel/sand 0.032 -0.6 1132 385668 6277660 138.180 
RS03D Crest 13.0 13.25 -10.85 -12.85 Granitoid saprock  2.115 -5.03 183 24 385291 6277516 143.356 
RS04D Upland flat 14.0 13.75 -11.35 -13.35 Granitoid saprock  0.363 -2.39 450 74 385462 6276763 141.151 
RS05I Closed depression 25.8 10.49 -8.09 -10.09 Sedimentary gravel/sand 0.281 -1.85 1641 395 384505 6276790 132.579 
RS05S Closed depression 6.0 6.37 -3.97 -5.97 Sedimentary gravel/sand 0.165 -1.89 2590 384506 6276792 132.652 
RS06I Lower slope 11.7 11.96 -10.56 -11.56 Sedimentary gravel/sand 0.104 -0.97 1195 217 384593 6277068 133.177 
RS06S Lower slope 2.5 2.9 -0.5 -2.5 Sand/gravel overburden 0.043 -1.13 1440 384596 6277068 133.133 
RS07D Lower slope 14.1 14.43 -12.03 -14.03 Granitoid saprock   -2.22 587 140 384880 6277219 135.529 
RS07I Lower slope 5.0 5.15 -2.75 -4.75 Sedimentary gravel/sand 1.351 -1.77 675 384881 6277219 135.560 
RS07S Lower slope 2.0 2.34 -0.94 -1.94 Sand/gravel overburden 1.057 -1.61 580 384881 6277217 135.511 
RS08D Lower slope 14.2 14.6 -12.2 -14.2 Granitoid saprock  0.646 -3.25 602 47 384589 6277456 136.083 
RS08I Lower slope 4.0 4.23 -2.83 -3.83 Sedimentary gravel/sand 0.002 -3.2 206 384590 6277455 136.061 
RS08S Lower slope 2.2 2.57 -1.17 -2.17 Sand/gravel overburden 2.617 Dry  384592 6277454 136.086 
RS09D Mid-slope 18.2 18.67 -16.27 -18.27 Granitoid saprock  0.296 -4.18 673 146 384649 6277738 136.934 
RS09I Mid-slope 5.7 6.07 -3.67 -5.67 Sedimentary gravel/sand 0.0635 -4.04 780 384651 6277738 136.886 
RS10D Ridge 12.2 12.54 -10.14 -12.14 Granitoid saprock  0.677 -7.71 556 105 384627 6278010 140.894 
RS11D Mid-slope 8.1 8.48 -6.08 -8.08 Granitoid saprock  0.38 -3.97 1912 28 384570 6278315 135.053 
RS12D Valley floor 4.1 4.4 -2 -4 Granitoid saprock  0.592 -0.28 344 105 385173 6278282 129.082 
RS13D Ridge 5.0 5.25 -2.85 -4.85 Granitoid saprock  0.187 -4.53 302 27 385982 6278964 138.202 
RS14D Mid-slope 19.0 18.8 -16.4 -18.4 Granitoid saprock  0.257 -1.94 1665 414 387512 6279227 147.118 
RS14I Mid-slope 6.0 6.16 -3.76 -5.76 Sedimentary gravel/sand 0.056 -1.69 1678 387510 6279228 147.097 
RS15I Upland flat 22.0 12.67 -10.27 -12.27 Sedimentary gravel/sand 0.109 -3.16 820 77 385739 6276284 140.966 
RS16D Lower slope 28.0 27.89 -25.49 -27.49 Granitoid saprock  0.483 -6.7 460 232 384489 6275996 133.606 
RS17D Lower slope 9.0 9.03 -6.63 -8.63 Granitoid saprock  2.102 -5.6 682 78 383486 6276740 134.446 
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Salt storages within the profile to basement were generally low, from 24 to 490 t/ha 
(Table 1).  Lower storages were encountered on the ridges in shallow weathered 
material (RS11).  Higher storages were recorded in the shallow regolith of the main 
saline creek system (RS01) and deeper profiles of the mid-slopes and lower slopes 
such as RS05, RS14 and RS16.  Evidence of pre-clearing watertable levels from 
remnant ‘bulges’ in salt storage profiles (EC1:5 and EM39) were readily observable 
only at RS01, RS02, RS12 and RS14 (Appendix 2).  This could mean that there was 
no watertable over much of this area prior to clearing.  Alternatively, relatively low 
salinities of both the groundwater and the regolith may mean that the bulges may not 
have developed under these conditions anyway.  Clear bulges at about 3-4 m at sites 
RS01 and RS12 correspond to the evidence of Berliat (1952), who measured the 
watertable at 12 ft in a similar location on the main creekline.  Large bulges at sites 
RS02 and RS14 correspond with the base of the Tertiary sediments.  These sites are 
likely to be at the edges of larger areas of sedimentary remnants extending to the 
south and east, which may have had permanent watertables prior to clearing.  
Laboratory determined EC1:5 analyses were well correlated with EM39 down-hole 
readings (r2 = 0.72).  Similar analyses undertaken for the sedimentary samples were 
more highly correlated (r2 = 0.82) than for the weathered granitoid gneissic samples 
(r2 = 0.64).  The full results of these analyses are in Appendix 4. 
Shallow profiles at locations RS01, RS12, RS13 and RS17 indicate that it is unlikely 
that larger or regional groundwater systems have any influence on the main study 
area (Transect 1).  With the exception of site RS04D the gamma readings do not 
appear to coincide with changes in lithology as may be expected at the transition 
from sediments to weathered material.  Shallow profile intervals that contain 
ironstone generally correspond to high gamma signal at other sites.  At RS04D there 
is a thin layer of sediments that also contain ironstone and this may be the reason for 
the apparent coincidence of lithology and gamma signal at this site. 
3.2 Groundwater levels 
Table 1 lists the groundwater levels measured on 6 August 2002.  Figures 3 and 4 
show the hydrologic cross-sections of Transects 1 and 2 respectively.  Near-surface 
(<2 m) water levels are encountered at all sites where surface salinity is visible (sites 
RS01, RS02, RS06, RS12).  The watertable is deepest on the ridge tops (RS03, 
RS10, RS13, and RS17) however it is still within 7.6 m of the surface at the highest 
point in the landscape (RS10).  Depth to watertable is within 2-3 m over much of the 
mid-slopes and lower slopes of Transect 1, where the main concentration of oil 
mallees are planted (Figure 1) and therefore within reach of their root zones.  Of 
concern would be how much the shallow watertable rises seasonally in response to 
winter rainfall in these areas and the detrimental impact on their root systems, or the 
root systems of other perennials such as lucerne. 
There is evidence of a small recharge mound in the watertable at RS08 in 
Transect 1.  This is unlikely to be caused by an area of preferential recharge, but 
rather because of low rates of groundwater flow out of the system, due to low 
gradients (0.5%) and aquifer conditions downslope of this point.  Between RS08 and 
RS16 there is also a zone of thicker sediments which may restrict groundwater flow, 
particularly if they have poor lateral connectivity.  The position of the groundwater 
mound also corresponds to a low basement ridge, which may further restrict 
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groundwater flow.  Relatively higher gradients (1.4%) between RS10 and RS01 
indicate that groundwater flow direction between RS10 and RS09 may reverse and 
flow towards RS11 if groundwater levels in this area continue to rise. 
3.3 Groundwater quality 
Generally, groundwaters are relatively fresh on the ridge tops (RS03 and RS10, 
Table 1) and could provide potable supplies at low yield.  There is an operational 
windmill near site RS10 supplying stock water.  More saline conditions exist where 
groundwaters are near the surface and affected by evapo-concentration (Figure 3, 
Transect 1).  There is an exception to this pattern at RS12 where the groundwater is 
fresh, despite being within 0.3 m of the surface, possibly indicating greater influence 
and through-flow from the adjacent steep slope to the south-west, rather than from 
the long flowpath along Transect 2.  Under discharge conditions, salinities of 
groundwaters closer to the surface are generally higher than from deeper layers. 
Salinities in the lower slope areas (RS01, RS02, RS05 and RS06) are high enough to 
indicate that the oil mallees would have difficulty in directly using this groundwater 
and they would be reliant on annual rainfall stored in the soil and the unsaturated 
profile above the watertable.  It is likely that areas around RS06 and RS05 and the 
northern edge of the swamp will have worsening soil salinity as salt levels increase 
through evapo-concentration.  In mid-slope areas where the watertable is brackish 
(<1,000 mS/m) and within 5 m of the surface, oil mallees could have a significant 
groundwater use component.  Areas around RS06, RS07, RS08 and RS09 fit these 
conditions, however if groundwaters continue to rise, these areas are also at risk of 
waterlogging and secondary salinity. 
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Figure 3:  Hydrologic cross-section along Transect 1 
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Figure 4:  Hydrologic cross-section along Transect 2 
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3.4 Geophysics 
EM38 mapping (Figure 5) shows high root zone soil salinity levels north of the Yate 
remnant and yate swamp near Transect 1, along the margins of the main creekline, 
and near RS02.  These areas are all consistent with surface indications of salinity.  
Moderate levels (>100 mS/m, ECa) occur in patches in the mid-slope areas near the 
yate remnant west of RS08 and indicate developing salinity.  Levels above 50 mS/m, 
particularly when combined with waterlogging, can adversely impact on growth rates 
of salt-sensitive pastures and trees. 
The EM31 measures soil salinity to approximately 6 m and can be a useful indication 
of salinity risk.  Figure 6 shows mid-slope areas near Transect 2 having values above 
100 mS/m.  On this basis, these areas could be considered at risk from developing 
secondary salinity in the future, particularly if groundwater levels rise further. 
Detailed radiometric and soil matching analysis has not been undertaken as yet, 
however the radiometric total count image (Figure 7) provides some useful initial 
information.  The red areas (high count rate) are likely to be younger soils derived 
from shallower, weathered granitic basement.  The blue or low count areas are likely 
to be from more leached sediments.  The green and yellow areas are likely to be 
mixture of sedimentary and both transported or in situ weathered granitic soils.  Of 
interest is the linear feature separating the predominately sedimentary soils from the 
weathered soils, because this also corresponds to a suspected basement feature 
interpreted from aerial photography.  This could be coincidence or a basement 
feature may exist that had influence on the position of the sedimentary boundary in 
the past.  The cross-sections show that this feature also corresponds with a rapid 
deepening of the depth to basement on both transects near RS06 and RS02. 
Radiometric Ternary and individual thorium, potassium and uranium data and images 
are also available for the site and will be of use for any future detailed soil 
interpretation that may be undertaken. 
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Figure 5:  EM38 (root zone salinity) image 
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Figure 6:  EM31 (salinity to approximately 6 m depth) image 
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Figure 7:  Total count radiometric image
Approx. sediment boundary
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3.5 Flowtube modelling 
Preliminary Flowtube modelling of Transect 1 has been undertaken to assess the 
likely groundwater equilibrium condition, the impacts of the current oil mallee planting 
and the addition of lucerne to the system.  The Flowtube model is a two-dimensional 
cross-sectional transient groundwater model, based on Darcian flow (Dawes 2000, 
Argent et al. 2001).  Flowtube has been used previously in several catchments to 
predict equilibrium groundwater conditions and the impact of a range of treatments 
(George et al. 2001).  It has also been used in the Toolibin Catchment as a 
comparison to predictions made using another groundwater model, MAGIC (Mauger 
1996).  Both models agreed closely in their predictions of equilibrium extent and 
treatment response (Dogramaci et al. 2003).  More recently, George et al. (2004) and 
George and Bennett (2004) used Flowtube to predict that a valley recharge reduction 
focus was likely to be more effective in managing salinity than a hill-slope focus at 
several wheatbelt sites.  
Drill log descriptions and hydraulic conductivity measurements (Table 1) were used 
to set the aquifer conditions for the model.  The main parameters used in the model 
were: 
• maximum evaporation depth was 1 m reflecting the predominance of deep sandy 
duplex soils in the mid and lower slopes of the flowtube 
• weathered basement saprock was assumed to be the main controlling aquifer 
• although shallow sedimentary aquifers are present in the lower slopes, they 
appear to be poorly connected laterally with minor influence on sub-catchment 
scale groundwater flow characteristics 
• a saturated hydraulic conductivity of 0.5 m/d was used for the saprock aquifer, 
derived as the mean of values obtained from bores screened within 
granitoid/gneissic saprock material in the flowtube 
• the upper layer (saprolite) porosity was set at 0.1 and ksat at 0.05 m/day for the in 
situ weathered material in the upper section of the flowtube 
• the upper layer porosity was set at 0.2 for the lower section where there are 
coarse sandy sequences within the Pallinup Siltstone and Werrilup sediments 
• the area was cleared in 1965 
• a horizontal watertable at elevation 125 m (AHD) was assumed at clearing which 
coincides with the elevation of a primary saline seep located approximately 1 km 
to the south 
• this elevation was also used as the constant head point. 
The model was run from assumed watertables present at clearing in 1965 to the 
present day under different recharge scenarios for both the main flowtube and the 
shorter and less complex section from RS10 to RS01.  Groundwater levels generated 
by the model were compared to current observed levels, and rates of rise were 
compared to those reported in the district.  An average recharge rate of 35 mm/yr 
after clearing produced model results that most closely matched the observed current 
rates of rise and watertable levels.  Under this level of recharge the predicted current 
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watertable was within 1 m of observed levels at every bore along both flowtubes.  
Modelled rates of watertable rise were between 0.15 and 0.3 m/yr which are 
consistent with district reported rates (Simons and Alderman 2004). 
The model was run for 50 and 100 years under current recharge conditions and then 
under various scenarios of recharge.  The mallee belts were modelled to have 
influence under the belts and extending 10 m out from each edge.  This is within the 
range of Wildy et al. (2004) and Robinson et al. (2003) who report mallees having 
influence on soil water storage between 9 and 15 m out from plantings.  Four 
scenarios of oil mallee groundwater use were modelled; recharge is reduced to zero, 
recharge is reduced to zero plus an additional groundwater usage of 50, 100 and 200 
mm.  The addition of lucerne to the alleys in the mid and lower slopes was also 
modelled.  Two scenarios of water use were modelled; recharge reduced from 35 to 
10 mm; and recharge reduced to zero. 
The results are displayed graphically in Figure 8 and indicate that: 
• currently, shallow watertables (<1 m) affect 24% of the flowtube 
• without treatment, groundwater levels in the mid-slope can be expected to rise to 
within 1 m of the surface over 60% of the flowtube length within 20 years 
• no new areas are affected after 20 years but watertables in the upper slopes 
continue to rise slightly to an equilibrium within 100 years 
• if the mallee belts prevent recharge then watertables would continue to rise to be 
near the predicted no-treatment equilibrium levels in 50 years and within 1 m of 
the surface over 51% of the flowtube 
• if the oil mallee belts prevent recharge and use 50 mm of groundwater, 
watertables would remain near current levels and affect 23% of the flowtube 
• if the mallees prevent recharge and use 100 mm of groundwater, watertables will 
fall slightly so that 15% of the flowtube length would be affected by shallow 
watertables 
• if the mallees prevent recharge and use 200 mm of groundwater, watertables will 
fall substantially to almost eliminate shallow groundwater from the catchment 
• addition of lucerne to the alleys in the mid and lower slopes together with the 
mallee belts using 50 mm of groundwater, will lower the watertable slightly from 
current levels but result in a large reduction in length affected compared to the no-
treatment scenario (15% vs. 60% of flowtube with shallow watertables) 
• it does not make much difference to the length affected by shallow watertables if 
the lucerne either reduces recharge to zero or leaks up to 10 mm (both 15%), 
however watertables would be slightly deeper in the mid-slopes under the no-
leakage scenario 
• if areas planted to both mallee and lucerne have no recharge, then 18% of the 
flowtube would have shallow watertables within 50 years. 
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Figure 8:  Flowtube modelling showing predicted watertables along the transect 
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The modelling showed that significant groundwater use by the mallee belts (or overall 
catchment recharge reduction) is required to change the groundwater levels 
significantly.  The main reason is the low groundwater gradients meaning that the 
aquifer has a low capacity to transmit water out of the system.  Use of 200 mm of 
groundwater by the mallee belts is likely to be optimistic in many situations because 
of salinity and soil constraints; however it could be possible at this site given its fresh 
groundwater, shallow watertable and permeable soils.  The climate is conducive to 
large groundwater use by perennial plants as there is a large (1220 mm) annual 
rainfall to evaporation deficit. 
With more modest oil mallee groundwater use (50 mm) and the introduction of 
lucerne, significant reductions in depth to watertable and flowtube length affected at 
equilibrium could be achievable.  The modelling shows that under this water use 
regime 15-18% of the flowtube length would still be influenced by shallow watertables 
after 50 years, compared to the current 24% affected and the projected 60% affected 
under an annual crop and pasture system. 
These modelled results compare favourably with results of George et al. (1999) who 
reviewed the impact of tree planting on watertables at 80 sites in WA.  They found 
that generally only extensive plantings lead to significant catchment-scaled 
reductions in watertables.  They concluded that plantings need to influence as much 
as 70-80% of the catchment and that they have maximum effect on watertables (and 
the extent of salinity) where they are able intercept the full saturated depth of the soil 
profile, such as with perched systems or thin regolith.  The Gibson site has only 16% 
vegetated (oil mallees plus remnant) which the modelling has shown is unlikely to 
reduce watertables unless the mallees use substantial quantities of groundwater 
and/or large additional areas of perennial plants are established. 
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4. Conclusions 
The preliminary results from the drilling, geophysics surveying and watertable 
measurements indicate that the site is very well suited for an intensive study of the 
impacts of integrated oil mallee plantings on the watertable at the sub-catchment 
scale.  The mostly fresh or brackish and shallow groundwaters conditions are likely to 
be conducive to good tree growth and offer scope for reasonable rates of 
groundwater use. 
While other areas of the farm appear to be at, or close to, long-term groundwater 
equilibrium, Flowtube modelling has shown that at the main study area, continued 
watertable rise and associated development of secondary salinity would be likely 
without revegetation with perennials.  The very low groundwater gradients at this site 
mean that quite large reductions in recharge and/or substantial groundwater use is 
required in the sub-catchment to change the long-term prognosis significantly.  
The current oil mallee configuration would need to use between 100 and 200 
millimetres per annum of groundwater from beneath the planted areas to significantly 
lower watertables from current levels.  While this may be possible under prevailing 
conditions it is recommended that perennials such as lucerne be incorporated in the 
revegetation system at the mid-slope areas to reduce recharge over a greater 
proportion of the catchment.  This will mean that the oil mallees do not need to have 
such a large groundwater use component for the revegetation system to lower 
groundwater levels.  Lucerne is the obvious choice for much of the area; however 
elevated soil and groundwater salinities and waterlogged conditions near the swamp 
may be better suited to species such as tall wheat grass, puccinellia or phalaris. 
This site also offers an excellent opportunity to intensively measure groundwater use 
and production characteristics of both lucerne and oil mallees under shallow and 
fresh groundwater conditions in the Esperance area. 
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6. Appendices 
6.1 Field drill logs 
Site details 
Date: 20/03/02 Landform/Unit: Valley Floor 
Catchment/Project/Owner: Ray and Shirley Sullivan Year Cleared: Mid-1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS01D AGD84 Northing (m): 6278554.303 
W+R Bore #: AGD84 Easting (m): 384502.24 
Driller: RCB, DB, JS AHD (m): 126.554 
Depth 
(m) 
Sample Description and Drilling Comments Geology  
0 Ironstone-rich sandy loam. Overburden 
0.1 Yellow/brown sandy clay, “tight” with minor “bog iron” pieces, 
wet. 
Ferricretions 
1.1 Mottled orange/grey sandy clay. Weathered granitoid  
gneiss 
2.7 Grey/blue sandy clay, has sharp quartz bits to 5mm and 
micas, wet. 
 
4.0 Brown gritty sandy clay, quartz, feldspar and mica bits to 
10mm. 
Saprock 
5.0 A/A but a bit finer.  
7.6 Hard, brittle basement, making a dribble of water, EOH. Granitoid gneissic 
basement 
   
   
   
   
   
 Developed with air – makes a small constant dribble.  
Bore Completion Details 
Depth Drilled (m): 7.6 Water/Foam/Detergent Injected (m): None  
Casing Total Length (m): 7.69 Est. Watertable during drilling (m):  Surface 
A.G.L.(m): 0.4 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield: Dribble only. 
Material Screened: Granitoid Saprolite S.W.L. at Completion (m):                                          
Drill Method/Bit Size (Diam. mm): RAB, 102 EC (mS/m): 1712 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -1.26 on  09/04/02 
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Site Details 
Date: 20/03/02 landform/Unit: Mid-slope 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Early 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS02D, 02RS02I AGD84 Northing (m): 6277657.614 
W+R Bore #: AGD84 Easting (m): 385668.941 
Driller: RCB, DB, JS AHD (m): 138.2059836 
Depth (m) Sample Description and Drilling Comments Geology  
0 Gravelly (ironstone) sand. Pisolitic gravel. 
0.9 Mottled red/orange clay/loam.  
2.0 Red/grey mottled fine sandy clay – returning as chips.  
3.0 Rounded quartz sand/gravel, 5-10mm making water @ 0.25 
l/sec. 
Werillup Formation? 
6.0 Mottled red/grey clay/loam. Weathered granitoid 
gneiss 
7.0 Pallid fine sandy clay/loam  
8.0 Red/grey clay/loam with small angular quartz chips.  
14.0 Orange/grey fine clay/loam.  
16.0 Brown/olive gritty clay, contains micas. Saprock 
19.0 A/A but coarser.  
20.0 Hard brittle basement, EOH. Granitoid gneissic 
basement 
 (Intermediate drilled also, completion details in brackets)  
   
 Deep hole does not make constant water during airlifting.  
Bore Completion Details 
Depth Drilled (m): 20 (6.1) Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 19.72 (6.50) Est. Watertable during drilling (m): 3 
A.G.L.(m): 0.40 (0.40) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 (2) Estimated Yield: 0.25 L/sec 
Material Screened: Granitoid Saprolite 
(Sedimentary bedded quartz gravels) 
S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm) RAB, 102, 
(Auger, 75) 
EC: 1463 (1132) 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): 1.07 (-0.6) on 09/04/02 (10/06/02) 
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Site Details 
Date: 20/03/02 Landform/Unit: Hill Crest 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Mid 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS03D AGD84 Northing (m): 6277516.425 
W+R Bore #: AGD84 Easting (m): 385291.4676 
Driller: RCB, DB, JS AHD (m): 143.355 
Depth (m) Sample Description and Drilling Comments Geology  
0 Brown loamy gravel (ironstone). Pisolitic ironstone 
0.8 Orange/brown gravelly (ironstone) clay. Weathered granitoid 
gneiss 
1.5 Mottled red/grey gritty clay, has sharp angular quartz grains, 
tough, returning as chips. 
 
3 Pallid fine clay/loam.  
4 Pallid sandy clay with high proportion of even grained but 
sharp quartz grains. 
 
6 Back into pallid sandy clay loam, quite damp.  
6.8 Brown/olive sandy clay, micas present.  
7 Bands of orange/brown/olive sandy clay, lots of fine micas.  
9.8 Making a dribble of water.  
10.8 Hard and crunchy, fresh fine feldspars, quartz and micas. Saprock 
11 Large sharp and blocky quartz pieces which have fresh 
feldspars and micas attached.  Makes water at rod changes. 
 
12 Finer and harder.  
13 Very hard basement, making a constant dribble of fresh water. 
EOH 
Granitoid gneissic 
basement 
   
 Makes a constant dribble (10 L/minute) during airlifting.  
Bore Completion Details 
Depth Drilled (m): 13 Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 13.25 Est. Watertable during drilling (m): 6 
A.G.L.(m): 0.40 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 1.7 Estimated Yield: 10 l/min 
Material Screened: Granitoid Saprolite S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 102 EC: 183 mS/m 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -5.3 on 09/04/02 
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Site Details 
Date: 20/03/02 landform/Unit: Upland Flat 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Mid 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS04D AGD84 Northing (m): 6276763.034 
W+R Bore #: AGD84 Easting (m): 385462.299 
Driller: RCB, DB, JS AHD (m): 141.151 
Depth (m) Sample Description and Drilling Comments Geology  
0 Grey sand. Overburden 
0.2 Brown gravelly (ironstone) sandy clay. Pisolitic ironstone 
gravel 
1.2 Orange/grey fine sandy clay. Pallinup Siltstone 
2 A/A but harder, returning as chips.  
2.2 Hard ironstone layer, “bog iron ore” appearance.  
3.1 Pallid to grey fine sandy clay, quite damp. Weathered granitoid 
gneiss 
6 A/A but red bands, fine micas and sharp quartz present.  
8 “Fluffy” or soft fine loamy clay, feels silky and contains micas.  
8.5 A/A but darker grey to olive, getting wet now.  
12 Light brown, contains angular bits of quartz to 5 mm.  
12.5 Dark grey and brown fine gritty clay, lots of micas. Saprock 
13.5 Harder layers but still very fine grits, a hard platey (mica) 
clay/rock.  Pushed thru it, fine grained feldpars, quartz and 
mica pieces. 
 
14 Very hard fine grained basement EOH. Granitoid gneiss 
basement 
   
 Does not make water during airlifting.  
Bore Completion Details 
Depth Drilled (m): 14 Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 13.75 Est. Watertable during drilling (m): 3 
A.G.L.(m): 0.40 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield: Dribble only 
Material Screened: Fine Granitoid Saprolite S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 102 EC: 450 mS/m 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): 2.72 on 09/04/02 
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Site Details 
Date: 20/03/02 landform/Unit  Valley Flat, closed depression 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Mid 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS05I (02RS05M) AGD84 Northing (m): 6276789.883 
W+R Bore #: AGD84 Easting (m): 384505.2905 
Driller: RCB, DB, JS AHD (m): 132.579 
Depth (m) Sample Description and Drilling Comments Geology  
0 Grey fine loamy sand.  
0.3 Orange/brown sandy clay with bands of very hard fine clay. Pallinup Siltstone 
3 Orange sandy clay with dark red ironstone (bog iron) bands, 
very hard. 
 
4 Grey/orange sandy clay, damp.  
5 A/A with thin bands of rounded quartz gravel to 10 mm. Possibly Werillup 
sands? 
7 Very fine sandy clay, even grained and rounded.  
10 Angular quartz pieces (to 5 mm) in a fine clay matrix. Weathered granitoid 
gneiss saprolite 
11 Getting very sticky and losing circulation, collapsing from 5-7 m 
probably). 
 
12 Making own water and freed up – end of sampling (too 
contaminated). 
 
13 Lots of angular quartz now with some minor hard feldspars.  
23 Getty hard and crunchy. Saprock 
25.8 Hard basement, quartz and feldspar chips, EOH. Granitoid gneissic 
rock basement 
 Casing stuck at 10 m. 
Either hole makes water during airlifting 
 
 (Intermediate drilled also, completion details in brackets)  
Bore Completion Details 
Depth Drilled (m): 25.8 (6.0) Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 10.49 (6.37) Est. Watertable during drilling (m):  
A.G.L.(m): 0.40 (0.40) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 (2) Estimated Yield: 0.25 L/sec 
Material Screened: Granitoid Saprolite (Pallinup 
Siltstone) 
S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 102 EC (mS/m): 1641 (2590) 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): 2.32 (2.32) on 09/04/02 
GIBSON OIL MALLEE STUDY 
 34
 
Site Details 
Date: 20/03/02 landform/Unit: Lower slope 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Mid 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS06I (02RS06S) AGD84 Northing (m): 6277067.505 
W+R Bore: # AGD84 Easting (m): 384593.2704 
Driller: RCB, DB, JS AHD (m): 133.177 
Depth (m) Sample Description and Drilling Comments Geology  
0 Light brown fine sandy loam. Overburden 
0.9 Orange gravelly (ironstone) clay. Pisolitic ironstone 
gravel 
2 Sandy gravel (ironstone), wet.  
3 Olive/grey sandy clay, damp. Pallinup Siltstone 
3.9 Light grey fine sandy clay, very uniform.  
6 Dark brown/olive bands of coarser sandy clay.  
7.2 Even grained sub-rounded quartz in a pink clay matrix (clayey 
sand), losing circulation. 
Possibly Werillup 
sands? 
8 Making a dribble of water at the rod change, A/A to 11.7 m  
11.7 Hole collapsing, EOH.  
   
   
   
   
   
 Makes a dribble during airlifting.  
 (Intermediate drilled also, completion details in brackets)  
Bore Completion Details 
Depth Drilled (m): 11.7 (2.5) Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 11.96 (2.9) Est. Watertable during drilling (m): 2 
A.G.L.(m): 0.40 (0.40) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 (1) Estimated Yield: Dribble 
Material Screened: Pallinup Siltstone S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 102 EC (mS/m): 1195 (1440) 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -1.28 (-1.43) on 09/04/02 
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Site Details 
Date: 21/03/02 landform/Unit: Lower slope 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Mid 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS07D (02RS07I) AGD84 Northing (m): 6277219.097 
W+R Bore #: AGD84 Easting (m): 384879.6452 
Driller: RCB, DB, JS AHD (m): 135.528 
Depth (m) Sample Description and Drilling Comments Geology  
0 Grey gravelly (ironstone) loamy sand. Pisolitic ironstone 
gravel 
1.1 Clayey gravel (ironstone).  
2 Orange/grey mottled fine sandy clay.  
3.1 Rounded and well sorted wet sand – minor clayey beds. Possibly Werillup 
formation sands? 
6 Making consistent water (0.25 L/sec), fresh tasting.  
6.5 Pallid fine silty clay loam. (From 6.5 to 8 samples 
contaminated). 
Weathered granitoid 
gneiss 
8 Grey clay matrix containing much sharp quartz grains to 6 mm.  
10 Getty hard and crunchy.  
11.5 Olive/dark brown, finer, small quartz and lots of micas. Saprock 
13 Fresh feldspars, getting very hard.  
14 Hard basement, EOH. Granitoid gneissic 
rock basement 
   
   
   
   
Bore Completion Details 
Depth Drilled (m):  Water/Foam/Detergent Injected (m): None 
Casing Total Length (m):  Est. Watertable during drilling (m):  
A.G.L.(m): 0.40 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield:  
Material Screened: Granitoid Saprolite S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 120 EC (mS/m):  
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m):  on 09/04/02 
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Site Details 
Date: 21/03/02 landforme/Unit: Lower slope 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Mid-1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS08D (02RS08I) ((02RS08S)) AGD84 Northing (m): 6277456.165 
W+R Bore #: AGD84 Easting (m): 384588.7648 
Driller: RCB, DB, JS AHD (m): 136.082 
Depth (m) Sample Description and Drilling Comments Geology  
0 Light brown gravelly (ironstone) sand.  
0.9 Firm (indurated) fine clay, returns as chips. Alluvium?, or possibly 
Pallinup? 
1.5 Orange sandy clay/loam.  
2 Grey fine sandy clay  
2.5 Hard massive cemented ironstone  Cemented pisolites 
3 Grey sandy clay, damp, grains sub-rounded and well sorted. Alluvium? or possibly 
Pallinup? 
4.1 Grey sandy clay, harder and drier, quartz grains are sharp and 
angular, some minor hard feldspars. 
Weathered granitoid 
gneiss 
6 Getting crunchy and making a dribble.  
7 Darker, olive/brown, fresh micas, soft now.  
8 A/A but finer particles.  
8.5 Brown gritty clay, quartz, micas and feldspars.  
13 Getting quite crunchy and wet, small pieces of rock, fine 
grained granite? 
Saprock 
14.2 Very hard basement, EOH Granitoid gneissic 
rock basement 
 (Intermediate and shallow drilled also, completion details in 
brackets) 
 
 Makes ¼ to ½ L/sec of water from the bottom of hole.  
Bore Completion Details 
Depth Drilled (m): 14.2 (4.0) ((2.2)) Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 14.6 (4.23) ((2.57)) Est. Watertable during drilling (m): 3.0 
A.G.L.(m): 0.40 (0.40) ((0.40)) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 (1.0) ((1.0)) Estimated Yield: 0.25 to 0.50 L/sec 
Material Screened: Granitoid Saprolite 
(Sediments) ((Alluvium)) 
S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 120 EC (mS/m): 602 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -3.46 on 09/04/02 
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Site Details 
Date: 21/03/02 landform/Unit: Mid-slope 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Mid-1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS09D (02RS09I) AGD84 Northing (m): 6277737.543 
W+R Bore #: AGD84 Easting (m): 384649.4811 
Driller: RCB, DB, JS AHD (m): 136.933 
Depth (m) Sample Description and Drilling Comments Geology  
0 Grey gravelly (ironstone) loamy sand. Pisolitic gravel 
1 Orange/grey mottled gritty clay. Alluvium or Pallinup 
Siltstone 
2 A/A, harder, returning as chips.   
3.5 Olive/dark brown clayey sand, damp.  
4.5 Grey clayey sand, well sorted, sub-rounded.  
5.4 Pink clayey sand, A/A.  
6.1 Fine pallid clay loam. Weathered granitoid 
gneiss 
8 Grey and red sticky gritty clay, angular quartz to 5mm.  
11 Making a constant dribble, getting darker, quartz to 5mm, 
feldspars. 
 
15 Finer, crunchy, micas. Saprock 
18.2 Hard fine grained basement. Granitoid gneissic 
rock basement 
 Making ¼ /sec of fresh tasting water from the bottom.  
 (Intermediate drilled also, completion details in brackets)  
   
 Did not make constant water during airlifting.  
Bore Completion Details 
Depth Drilled (m): 18.2 (5.7) Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 18.67 (6.07) Est. Watertable during drilling (m):  
A.G.L.(m): 0.40 (0.4) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 (2) Estimated Yield: 0.25 to 0.5 L/sec 
Material Screened: Granitoid Saprolite (Pallinup 
or Alluvium) 
S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 120 EC (mS/m): 673 (780) 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -4.39 (-4.26) on 09/04/02 
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Site Details 
Date: 21/03/02 landform/Unit: Ridgetop 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Mid-1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS10D  AGD84 Northing (m): 6278010.228 
W+R Bore #: AGD84 Easting (m): 384626.7877 
Driller: RCB, DB, JS AHD (m): 140.894 
Depth (m) Sample Description and Drilling Comments Geology  
0 Brown sandy loam.  
0.1 Orange fine clay, tight, well structured.  
1 Dark red clay, very tight and hard, returning as chips.  
3 Very hard, chips of rock coming up with fresh feldspars, quartz 
and micas. 
Weathered granitoid 
gneiss 
4 Softer and finer.  
4.5 Dark brown soft clayey grits.  
8 Dark brown/olive larger grits (10 mm) of feldspar, quartz, mica, 
moisture. 
 
10 Getting very hard – crunching through fresh rock. Saprock 
12.2 Very hard fresh basement of fine grained dark rock (has 
feldspar, minor quartz, much mica. 
Granitoid gneissic 
rock basement 
   
   
   
   
 Did not make water during airlifting development.  
   
Bore Completion Details 
Depth Drilled (m): 12.2 Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 12.54 Est. Watertable during drilling (m): 8 
A.G.L.(m): 0.40 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield:  
Material Screened: Granitoid Saprolite S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 120 EC (mS/m): 556 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -8.01 on 09/04/02 
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Site Details 
Date: 21/03/02 landform/Unit: Mid-slope 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Mid 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS11D AGD84 Northing (m): 6278315.166 
W+R Bore # AGD84 Easting (m): 384569.9477 
Driller: RCB, DB, AHD (m): 135.0532479 
Depth (m) Sample Description and Drilling Comments Geology  
0 Light brown gravelly sandy loam.  
0.6 Orange tight fine clay, coming up in large chips  
2.0 Very hard quartz rich fresh rock pieces, dry and dusty. Weathered granitoid 
gneiss 
3.0 Hard and soft layers.  Hard has Quartz, feldspar and mica.  
Soft has dark brown fine grained weathered rock. 
 
7 A/A with moisture.  
8.1 Quartz rich solid basement, EOH. Granitoid gneissic 
rock basement 
   
   
   
   
   
   
   
   
 Makes a dribble during development.  
   
Bore Completion Details 
Depth Drilled (m): 8.1 Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 8.48 Est. Watertable during drilling (m): 7 
A.G.L.(m): 0.40 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield: Dribble 
Material Screened: Granitoid Saprolite S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 120 EC (mS/m): 1912 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -4.33 on 09/04/02 
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Site Details 
Date: 20/03/02 landforme/Unit: Valley Floor 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Mid 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS12D  AGD84 Northing (m): 278281.598 
W+R Bore #: AGD84 Easting (m): 385172.956 
Driller: RCB, DB, JS AHD (m): 129.082 
Depth (m) Sample Description and Drilling Comments Geology  
0 Light brown sandy loam.  
0.9 Orange/grey mottled clay, tight  
2 Olive clay matrix containing quartz and feldspar grains. Weathered granitoid 
gneiss 
3 Gritty clayey sand, much sharp fresh feldspar and quartz Saprock 
4 Very hard, pieces of fresh basement, feldspars, quartz, mica.  
4.1 Very hard basement, EOH Granitoid gneissic 
rock basement 
   
   
   
   
   
 Makes a constant dribble during airlifting.  
   
   
   
Bore Completion Details 
Depth Drilled (m): 4.1 Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 4.4 Est. Watertable during drilling (m): 1 
A.G.L.(m): 0.40 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield: Dribble 
Material Screened: Granitoid Saprolite S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 120 EC (mS/m): 344 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -0.86 on 09/04/02 
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Site Details 
Date: 20/03/02 landform/Unit: Ridgetop 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Early 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS13D AGD84 Northing (m): 6278963.527 
W+R Bore #: AGD84 Easting (m): 385982.375 
Driller: RCB, DB, JS AHD (m): 138.201 
Depth (m) Sample Description and Drilling Comments Geology  
0 Light brown gravelly (ironstone) and loamy sand.  
0.9 Orange sandy clay.  
1.8 Mottled grey/orange gritty clay, has:”fabric”. Weathered granitoid 
gneiss 
3 Dark brown gritty clay, micas, feldspars and fine quartz 
present. 
 
3.9 Crunchy Saprock 
4.5 Hard, returning bits of rock with coarse feldspar, quartz and 
minor mica. 
Granitoid gneissic 
rock basement 
5 EOH, hard basement.  
   
   
   
   
   
   
   
   
Bore Completion Details 
Depth Drilled (m): 5 Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 5.25 Est. Watertable during drilling (m):  
A.G.L.(m): 0.40 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield: None 
Material Screened: Granitoid Saprolite S.W.L. at Completion (m):                                        
Drill Method/Bit Size (Diam. mm): RAB, 120 EC (mS/m): 302 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -4.86 on 09/04/02 
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Site Details 
Date: 22/03/02 landform/Unit: Mid-slope 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Early 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS14D (02RS14I) AGD84 Northing (m): 6279227.387 
W+R Bore #: AGD84 Easting (m): 387511.631 
Driller: RCB, DB, JS AHD (m): 147.118 
Depth (m) Sample Description and Drilling Comments Geology  
0 Grey loamy sand. Overburden 
0.2 Light brown loamy sand.  
0.9 Yellow/orange clayey gravel  
1.9 Mottled grey and orange sandy clay.  
2.1 Red/grey mottled tight sandy clay.  Returning as large chips, 
has fabric.  
Pallinup Siltstone 
4.1 Pallid fine sandy clay, damp.  
5 Large smoky quartz grains (10 mm) plus large hard fresh 
feldspar chips (15 mm) in a fine grey clay matrix, all sub 
rounded. 
Werillup Formation 
6 Finer quartz, sub rounded, even grained.  
10 Dark grey gluggy clayey sand, quartz mainly 2 mm with some 
larger (10 mm) sub rounded grains. 
 
13 Finer and lighter grey sandy clay, gluggy.  
14 Dark brown finer grained sandy clay has micas and is slippery. Weathered granitoid 
gneiss 
15 Getty crunchy now. Saprock 
19 Hard basement, quartz and feldspar chips and micas, makes 
¼ L/sec. 
Granitoid gneissic 
rock basement 
   
 (Intermediate drilled also, completion details in brackets)  
Bore Completion Details 
Depth Drilled (m): 19 (6) Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 18.8 (6.16)  Est. Watertable during drilling (m): 4.1 
A.G.L.(m): 0.40 (0.4) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 (2) Estimated Yield: 0.25 L/sec 
Material Screened: Granitoid Saprolite (Werillup) S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 120 EC (mS/m): 1665 (1678) 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -2.34 (-2.16) on 09/04/02 
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Site Details 
Date: 22/03/02 landform/Unit: Upland Plateau 
Catchment/Project/Owner: Jeff Halford Year Cleared: Mid 1960s 
PO Box Gibson 6448  Ph/Fax 90754066 Location Number:  
Local Bore #: 02RS15I AGD84 Northing (m): 6276284.085 
W+R Bore #: AGD84 Easting (m): 385739.401 
Driller: RCB, DB, JS AHD (m): 140.965 
Depth (m) Sample Description and Drilling Comments Geology  
0 Grey loamy sand.  
0.2 Light brown gravelly (ironstone) loamy sand. Pisolitic gravel 
0.9 Orange/yellow mottled sandy clay, with some harder iron-rich 
layers. 
Ferricrete 
1.8 Pallid/grey fine sandy clay.  
2.8 Very hard indurated iron rich layers (bog iron) in a fine pallid 
sandy clay that returns as chips. 
Ferricrete 
3.4 Orange fine silty/sandy clay, returns as dry chips. Pallinup Siltstone 
4.6 Dark red iron rich layer.  
5.6 Damp even grained, sub-rounded sandy clay.  Grey with red 
layers. 
 
9 Water at the rod change.  Lots of smoky sub-rounded quartz to 
10 mm plus feldspar chips. 
Werillup formation 
11.5 Pallid sandy clay, has fabric and small sharp quartz. Weathered granitoid 
gneiss 
12 Making >1 L/sec from above sandy layer   
16 Crunchy layers – has fine grained green soft layers also. Saprock 
22 Very hard basement, EOH> Granitoid gneissic 
rock basement 
 Hole collapsed at ~12 m  
 Samples contaminated from 11.5 m on.  
Bore Completion Details 
Depth Drilled (m): 22 Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 12.67 Est. Watertable during drilling (m): 5.6 
A.G.L.(m): 0.40 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield: 1 L/sec from 9-11.5 m 
Material Screened: Granitoid Saprolite S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 120 EC (mS/m): 820 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -3.15 on 10/04/02 
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Site Details 
Date: 22/03/02 landform/Unit: Lowland Plateau 
Catchment/Project/Owner: Jeff Halford Year Cleared: Mid-1960s 
PO Box Gibson 6448  Ph/Fax 90754066 Location Number:  
Local Bore #: 02RS16D AGD84 Northing (m): 6275995.778 
W+R Bore #: AGD84 Easting (m): 384488.809 
Driller: RCB, DB, JS AHD (m): 133.605 
Depth (m) Sample Description and Drilling Comments Geology  
0 Fine light brown sandy loam.  
0.2 Gravelly (ironstone) loam. Pisolitic gravel 
1 Yellow/orange gravelly (ironstone) sandy clay.  
2 Grey/red mottled tight sandy clay. Pallinup Siltstone 
3 Iron rich indurated layer.  
3.2 Grey/red mottled fine sandy clay.  
5 Pallid sandy clay, sharp feldspars and quartz. Weathered granitoid 
gneiss 
7 Red and grey sandy clay loam, damp.  
12 Brown/yellow silky gritty clay, has micas.  
19 Brown fine micaceous clay.  
22 Dark brown fine micaceous clay.  
23 Drier fine sandy loam, has micas.  
24 Crunch layers, gluggy loamy clay, has soft olive fine grained 
pieces. 
Saprock 
28 Hard basement, EOH. Granitoid gneissic 
rock basement 
   
   
Bore Completion Details 
Depth Drilled (m): 28 Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 27.89 Est. Watertable during drilling (m): 7 
A.G.L.(m): 0.40 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield:  
Material Screened: Granitoid Saprolite S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 120 EC (mS/m): 460 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -6.82 on 10/04/02 
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Site Details 
Date: 23/03/02 landform/Unit: Ridge top 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Late 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: 02RS17D AGD84 Northing (m): 6276739.563 
W+R Bore #: AGD84 Easting (m): 383485.7805 
Driller: RCB, DB, JS AHD (m): 134.445 
Depth (m) Sample Description and Drilling Comments Geology  
0 Grey gravelly (ironstone) loamy sand.  
1 Mottled yellow/grey sandy clay, has “fabric” Weathered granitoid 
gneiss 
3 Olive/brown, fresh feldspar and micas, getting crunchy.  
5 Large chips of fresh rock. Saprock 
9 Hard basement, EOH. Granitoid gneissic 
rock basement 
   
   
   
   
   
   
   
   
   
 Does not make water during airlifting.  
   
Bore Completion Details 
Depth Drilled (m): 9 Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 9.03 Est. Watertable during drilling (m):  
A.G.L.(m): 0.40 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield:  
Material Screened: Granitoid Saprolite S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 120 EC (mS/m): 1492 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): -5.99 on 09/04/02 
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Site Details 
Date: 24/03/02 Landform/Unit: Ridge top 
Catchment/Project/Owner: Ray and Shirley 
Sullivan 
Year Cleared: Mid 1960s 
PO Box 9 Gibson 6448  Ph Fax 90754046 Location Number: E1410 
Local Bore #: New Mill AGD84 Northing (m): 
W+R Bore #: AGD84 Easting (m):  
Driller: RCB, DB, JS AHD (m): 
Depth (m) Sample Description and Drilling Comments Geology  
 No sample log recorded.  
   
   
   
   
   
   
   
   
   
   
   
   
   
Bore Completion Details 
Depth Drilled (m): 34 Water/Foam/Detergent Injected (m): None 
Casing Total Length (m): 33.75 Est. Watertable during drilling (m):  
A.G.L.(m): 0.50 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 6 Estimated Yield: 8 L/min 
Material Screened: Granitoid Saprolite S.W.L. at Completion (m):                                         
Drill Method/Bit Size (Diam. mm): RAB, 175 EC (mS/m): 235  (Old mill 321) 
Casing Type & Diam. (mm): 100 mm CL9 PVC First SWL (m): -7.42 on 09/04/02 
 
GIBSON OIL MALLEE STUDY 
 47
6.2 EC1:5, EM39 and Gamma profiles 
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6.3 Bulk soil sample analyses 
Depth EC  1:5 pH  1:5 Cl % Average EM39 Bore name 
(m) (mS/m) (water) (titration#) (quadrature, mS/m) 
RS01d Surface 620 8.2 0.77  
RS01d -1 100 8.5 0.10 159 
RS01d -2 82 8.1 0.09 254 
RS01d -3 45 8 0.06 302 
RS01d -4 81 8.1 0.08 288 
RS01d -5 44 8.3 0.05 193 
RS01d -6 44 8.2 0.04 291 
RS01d -7 120 8.1 0.16 452 
      
RS02d Surface 63 5.9 0.07  
RS02d -1 22 7.2 0.02 54 
RS02d -2 52 7 0.06 109 
RS02d -3 36 7.8 0.04 107 
RS02d -4 34 8.1 0.04 91 
RS02d -5 22 8 0.03 79 
RS02d -6 68 8 0.08 99 
RS02d -7 61 8 0.08 164 
RS02d -8 75 8.1 0.1 199 
RS02d -9 58 7.9 0.09 193 
RS02d -10 69 8.1 0.09 192 
RS02d -11 70 8 0.1 208 
RS02d -12 80 7.9 0.11 210 
RS02d -13 93 8 0.14 212 
RS02d -14 74 8.2 0.09 218 
RS02d -15 89 7.9 0.11 251 
RS02d -16 72 7.8 0.2 205 
RS02d -17 65 7.9 0.09 106 
RS02d -18 43 8 0.05 68 
RS02d -19 68 8.1 0.09 52 
      
RS03d Surface 16 5.6 0.056  
RS03d -1 7 6 0.0046 6 
RS03d -2 11 6.4 0.0078 9 
RS03d -3 10 6.3 0.0062 6 
RS03d -4 12 6.2 0.0094 9 
RS03d -5 6 6.3 0.0044 18 
RS03d -6 8 6.4 0.0062 21 
RS03d -7 8 6.5 0.0057 25 
RS03d -8 5 7 0.0042 25 
RS03d -9 8 6.8 0.0063 18 
RS03d -10 10 6.3 0.0081 14 
      
RS04d Surface 15 6 0.037  
RS04d -1 10 7 0.0053 11 
RS04d -2 12 7 0.0085 30 
RS04d -3 16 8.1 0.0093 58 
RS04d -4 18 8.4 0.015 71 
RS04d -5 20 8.4 0.02 78 
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Depth EC  1:5 pH  1:5 Cl % Average EM39 Bore name 
(m) (mS/m) (water) (titration#) (quadrature, mS/m) 
RS04d -6 24 8.3 0.02 91 
RS04d -7 28 8.4 0.03 100 
RS04d -8 31 8.3 0.04 97 
RS04d -9 27 8.4 0.03 83 
RS04d -10 28 8.1 0.03 63 
RS04d -11 20 8.1 0.02 69 
RS04d -12 16 8.2 0.014 40 
RS04d -13 16 8.2 0.015 28 
      
RS05I Surface 180 5.5 0.26  
RS05I -2 110 8.4 0.08 199 
RS05I -3 76 8.7 0.07 183 
RS05I -4 69 8.4 0.08 198 
RS05I -5 65 8.3 0.08 226 
RS05I -6 72 8 0.14 238 
RS05I -7 110 8.1 0.11 239 
RS05I -8 89 8.1 0.11 236 
RS05I -9 85 7.9 0.14 275 
RS05I -10 110 8 0.12 301 
RS05I -11 100    
      
RS06I Surface 180 5.6 0.22  
RS06I -1 27 6 0.03 85 
RS06I -2 52 6.8 0.06 81 
RS06I -3 35 7 0.03 119 
RS06I -4 27 7.2 0.03 111 
RS06I -5 34 7.8 0.04 114 
RS06I -6 38 7.8 0.04 125 
RS06I -7 41 7.5 0.04 106 
RS06I -8 28 7.8 0.04 77 
RS06I -9 55 7.6 0.05 78 
RS06I -10 51 7.8 0.06 84 
RS06I -11 58 7.8 0.08 94 
      
RS07D Surface 31 5.4 0.02  
RS07D -1 7 5.8 0.0059 22 
RS07D -2 24 7.2 0.02 64 
RS07D -3 27 7.4 0.03 70 
RS07D -4 19 7.3 0.019 65 
RS07D -5 19 7.6 0.025 60 
RS07D -6 25 7.8 0.03 59 
RS07D -7 34 7.8 0.04 73 
RS07D -8 28 7.6 0.03 120 
RS07D -9 40 7 0.04 133 
RS07D -10 53 7.3 0.06 149 
RS07D -11 55 7 0.06 177 
RS07D -12 47 7 0.05 223 
RS07D -13 60 7.3 0.06 187 
RS07D -14 23 7.6 0.02 126 
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Depth EC  1:5 pH  1:5 Cl % Average EM39 Bore name 
(m) (mS/m) (water) (titration#) (quadrature, mS/m) 
RS08D Surface 18 5.6 0.061  
RS08D -1 5 6.1 0.0038 11 
RS08D -2 7 6.6 0.0057 20 
RS08D -3 6 6.5 0.0053 25 
RS08D -4 4 7 0.0041 55 
RS08D -5 10 7.9 0.008 78 
RS08D -6 10 8 0.0086 68 
RS08D -7 8 8.4 0.0086 59 
RS08D -8 7 8.6 0.0076 61 
RS08D -9 14 8.4 0.016 97 
RS08D -10 24 8.5 0.02 96 
RS08D -11 10 8.7 0.012 56 
RS08D -12 11 8.7 0.011 71 
RS08D -13 18 8.4 0.023 87 
RS08D -14 27 8.2 0.03 75 
      
RS09D Surface 25 5.8 0.01  
RS09D -1 7 6.2 0.0056 27 
RS09D -2 15 7.1 0.016 69 
RS09D -3 41 8.8 0.02 150 
RS09D -4 46 8.6 0.03 160 
RS09D -5 24 8.7 0.01 96 
RS09D -6 20 8.6 0.02 75 
RS09D -7 23 8.4 0.02 108 
RS09D -8 25 8.5 0.03 138 
RS09D -9 37 8.2 0.04 157 
RS09D -10 42 8.2 0.04 131 
RS09D -11 41 8.3 0.04 108 
RS09D -12 27 8.3 0.03 98 
RS09D -13 39 8.3 0.05 85 
RS09D -14 31 8.2 0.03 69 
RS09D -15 23 8.2 0.02 67 
RS09D -16 47 8 0.05 94 
RS09D -17 39 8 0.04 90 
RS09D -18 27 8.5 0.03 78 
      
RS10D Surface 16 5.2 0.072  
RS10D -1 25 7.9 0.01 54 
RS10D -2 48 9 0.01 102 
RS10D -3 36 8.5 0.02 113 
RS10D -4 44 7.6 0.03 102 
RS10D -5 10 6.4 0.0082 68 
RS10D -6 14 5.5 0.011 72 
RS10D -7 21 5.4 0.02 106 
RS10D -8 57 5 0.05 153 
RS10D -9 40 5.4 0.04 86 
RS10D -10 16 6 0.019 45 
RS10D -11 12 6.3 0.015 34 
RS10D -12 11 6.8 0.013 38 
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Depth EC  1:5 pH  1:5 Cl % Average EM39 Bore name 
(m) (mS/m) (water) (titration#) (quadrature, mS/m) 
RS11D Surface 15 5.6 0.11  
RS11D -1 5 5.9 0.0046 38 
RS11D -2 14 7.4 0.012 88 
RS11D -3 17 8.6 0.0068 67 
RS11D -4 13 9.3 0.01 57 
RS11D -5 11 9.1 0.0039 44 
RS11D -6 8 9.2 0.0083 39 
RS11D -7 14 9 0.015 61 
RS11D -8 32 8.5 0.03 86 
      
RS12D Surface 68 6 0.07  
RS12D -1 66 8.3 0.07 292 
RS12D -2 160 7.8 0.19 263 
RS12D -3 60 7.8 0.04 82 
RS12D -4 10 7.3 0.012 36 
      
RS13D Surface 17 5.2 0  
RS13D -1 10 6.2 0.0072 12 
RS13D -2 25 6.5 0.02 30 
RS13D -3 18 6.9 0.017 35 
RS13D -4 24 7.2 0.02 40 
RS13D -5 10 7.7 0.0071 42 
      
RS14D Surface 60 5.6 0.06  
RS14D -1 14 6.2 0.018 46 
RS14D -2 54 6.9 0.06 132 
RS14D -3 54 8.1 0.08 197 
RS14D -4 76 8 0.08 153 
RS14D -5 64 7.8 0.07 162 
RS14D -6 63 7.8 0.07 139 
RS14D -7 49 7.6 0.09 147 
RS14D -8 53 7.6 0.08 161 
RS14D -9 51 7.5 0.07 165 
RS14D -10 76 5.2 0.08 231 
RS14D -11 110 4.8 0.09 368 
RS14D -12 110 5.3 0.1 353 
RS14D -13 120 5.7 0.11 363 
RS14D -14 140 5.8 0.13 338 
RS14D -15 96 5.6 0.09 257 
RS14D -17 84 4 0.07 165 
RS14D -18 95 4.1 0.08 154 
      
RS15D Surface 24 5.4 0.01  
RS15D -1 4 6.2 0.0033 11 
RS15D -2 12 6.9 0.0069 25 
RS15D -3 15 8 0.0091 45 
RS15D -4 20 8.2 0.01 68 
RS15D -5 23 8.3 0.02 79 
RS15D -6 16 8.3 0.031 87 
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Depth EC  1:5 pH  1:5 Cl % Average EM39 Bore name 
(m) (mS/m) (water) (titration#) (quadrature, mS/m) 
RS15D -7 24 8.4 0.04 107 
RS15D -8 39 8.5 0.05 111 
RS15D -9 40 8.4 0.05 179 
RS15D -10 27 8.8 0.03 164 
RS15D -11 18 8.9 0.02 202 
      
RS16D Surface 14 5.8 0.1  
RS16D -1 5 6.5 0.0054 7 
RS16D -2 9 6.4 0.0077 15 
RS16D -3 9 5.8 0.009 20 
RS16D -4 10 5.8 0.0093 23 
RS16D -5 8 5.8 0.008 28 
RS16D -6 9 5.9 0.011 31 
RS16D -7 11 6.1 0.013 37 
RS16D -8 17 6.1 0.022 51 
RS16D -9 20 6.2 0.02 63 
RS16D -10 20 5.6 0.03 58 
RS16D -11 16 5.9 0.025 64 
RS16D -12 16 6.3 0.023 68 
RS16D -13 44 6.2 0.06 74 
RS16D -14 27 6.0 0.04 69 
RS16D -15 23 5.8 0.03 100 
RS16D -16 35 6.1 0.05 102 
RS16D -17 35 6.0 0.05 102 
RS16D -18 37 6.0 0.05 102 
RS16D -19 40 6.2 0.05 86 
RS16D -20 26 5.9 0.04 61 
RS16D -21 16 6.4 0.021 61 
RS16D -22 36 6.3 0.05 58 
RS16D -23 19 6.5 0.029 53 
RS16D -24 15 6.4 0.021 69 
RS16D -25 38 6.3 0.04 73 
RS16D -26 36 6.4 0.04 69 
RS16D -27 32 6.6 0.04 34 
RS16D -28 37 7.2 0.04 38 
      
RS17D Surface 54 5.7 0.01  
RS17D -1 5 6.2 0.0057 38 
RS17D -2 29 8.6 0.02 125 
RS17D -3 48 9.1 0.02 156 
RS17D -4 28 8.4 0.02 128 
RS17D -5 44 7.6 0.05 147 
RS17D -6 80 4.9 0.08 138 
RS17D -7 44 5.1 0.04 113 
RS17D -8 24 5.6 0.02 79 
# Where EC1:5 <20, colorimetric procedure used on 1:5 extract. 
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6.4 Comparison of EC1:5 and EM39 
Sullivans: EC1:5 vrs EM39 for all samples.
y = 2.3447x + 20.854
R2 = 0.7227
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Sullivans: EC1:5 vrs EM39 for granitic samples
y = 2.1868x + 25.681
R2 = 0.6353
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Sullivans: EC1:5 vrs EM39 for sedimentary samples
y = 2.5478x + 15.384
R2 = 0.8164
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